Objective: High frequency oscillations (HFOs) can be recorded with depth electrodes in focal epilepsy patients. They occur during seizures and interictally and seem important in seizure genesis. We investigated whether interictal and ictal HFOs occur in the same regions and how they relate to epileptiform spikes. Methods: In 25 patients, spikes, ripples (80-250 Hz) and fast ripples (FR: 250-500 Hz) and their co-occurrences were marked during interictal slow wave sleep (5-10 min), during 10 pre-ictal seconds and 5 s following seizure onset. We compared occurrence and spatial distribution between these periods. Results: HFOs and spikes increased from interictal to ictal periods: the percentage of time occupied by ripples increased from 2.3% to 6.5%, FR from 0.2% to 0.8%, spikes from 1.1% to 4.8%. HFOs increased from interictal to pre-ictal periods in contrast to spikes. Spikes were in different channels in the interictal, preictal and ictal periods whereas HFOs largely remained in the same channels. Conclusions: HFOs remain confined to the same, possibly epileptogenic, area, during interictal and ictal periods, while spikes are more widespread during seizures than interictally. Significance: Ictal and interictal HFOs represent the same (epileptogenic) area and are probably similar phenomena.
Introduction
High frequency oscillations (HFOs) occur in patients with focal epilepsy, mostly during slow wave sleep and at seizure onset (Bagshaw et al., 2009; Bragin et al., 1999b Bragin et al., , 2002 Fisher et al., 1992; Jirsch et al., 2006; Khosravani et al., 2009; Urrestarazu et al., 2007) . They have been associated with epileptogenesis as they occur before the first seizure in the kainic acid rat model (Bragin et al., 2004a) . HFOs appear to co-localize with the seizure onset zone (SOZ), which suggests that they are involved in seizure genesis (Bragin et al., 2004b; Jacobs et al., 2008) . Interictal HFOs increase after medication reduction in parallel with the increase in seizure frequency, indicating that the amount of interictal HFOs mirror the level of disease activity (seizure frequency) (Zijlmans et al., 2009 ). HFOs seem better markers for the SOZ than epileptic spikes and do not depend on the underlying pathology (Jacobs et al., 2008 (Jacobs et al., , 2009a . Finally, removal of HFO generating tissue is related to good surgical outcome, more than spikes and the SOZ are (Jacobs et al., 2010) , which supports their relation to epileptogenic tissue and potential clinical importance. The current hypothesis is that HFOs result from misconnected or disinhibited neuronal networks leading to highly synchronized neuronal activity over an area of brain tissue, which in turn results in seizure genesis after other areas or networks get involved (Bragin et al., 2004a; Engel et al., 2009; Ogren et al., 2009) .
HFOs can be divided into ripples (80-250 Hz) and fast ripples (FRs: 250-500 Hz) (Bragin et al., 1999a; Staba et al., 2002; Urrestarazu et al., 2007) . Ripples have been thought to be more physiological in nature and involved in memory, while FRs appear to be pathological, except for FRs in sensory evoked potentials (Axmacher et al., 2008; Buzsaki et al., 1992; Curio et al., 1997; Engel et al., 2009; Worrell et al., 2008) . HFOs often co-occur with epileptic spikes, but there are HFOs without spikes and spikes without HFOs (Jacobs et al., 2008; Urrestarazu et al., 2006) . They appear to represent a different epileptic phenomenon than spikes, as interictal HFOs respond to medication change in a different way than interictal spikes (Zijlmans et al., 2009) .
It has been suggested that HFOs increase pre-ictally and that seizures arise when a certain tipping point is reached. The amount of high frequencies increases a few seconds before seizure onset (Jirsch et al., 2006; Khosravani et al., 2009) . However, it is
